Electron microscopy of unstained Escherichia coli cells from cultures kept near 0°C after incubation at 37°C revealed small areas of geometrically arranged electron-dense cylinders. Their morphology, organization, and occurrence are described.
The ultrastructural anatomy of Escherichia coli has been studied in detail for many years and it is unusual to find an undescribed feature. However, in the course of an examination of E. coli K-12 for other purposes, small areas of electron-dense spots in regular geometrically defined arrays were found in cells after storage in a refrigerator for a few days. They were present in several different strains, some carrying drug resistance plasmids and some not. The arrays were further examined as follows.
Various strains of E. coli and other bacterial species were used, details being included with results in Table 1 . Cells were streaked on 2% agar plates (Mueller-Hinton agar or brain heart infusion agar; BBL Microbiology Systems) and incubated overnight at 37°C. Plates were stored at temperatures between -18 and +10°C for varying periods. Bacteria were suspended in drops of 0.1 M ammonium acetate solution (or water). A carbon-coated electron microscope specimen support grid was then touched onto the surface of the suspension, washed twice in 0.1 M ammonium acetate solution (or water), and dried. When negative staining was required, the grid was wetted with 0.2% sodium phosphotungstate solution before drying. Electron microscopy was carried out using a Philips EM 300 electron microscope with a goniometer stage (model PW6500/30) and a double condenser system. Whereas arrays were present in overnight Mueller-Hinton broth cultures and exponentialphase shake cultures which had been cooled to 0°C, relatively small numbers of cells from such cultures adhered to the carbon support films. Larger numbers of cells could be mounted from plate cultures, which were therefore preferred.
A typical array is shown in Fig. 1 The spots were further studied using a goniometer (tilting) stage. Figure 3 shows that some of the spots in an array appear elongated. When the stage is tilted by 30° (Fig. 4) they become circular, indicating that the spots are in fact cylinders. They seem to be arranged in the same plane, but this has been distorted in Fig. 3 and 4 so that not all the rows of cylinders are in the same orientation with respect to the axis of tilt of the electron microscope stage. In Fig. 6 , the cylinders are clearer; each array thus appears to consist of a number of "vertical" cylinders arranged in a "horizontal" plane. Their length (estimated by tilting) is about 25 nm. It is clear from Fig. 5 through 7 that the apparent disorganization of some arrays is due to orientation; as they are tilted, the arrays become regular.
In the course of studying bacteria which had been kept for long periods at 0°C (see below), it was found that many cells had disrupted, leaving empty cell envelopes, 5% of which carried arrays (usually disorganized). An intact and a partly disorganized array in what appeared to be two overlapping cell ghosts are shown in Fig. 8 . Tilted cylinders (arrowed) can be clearly seen in the former, whereas in the latter the spots are somewhat smaller, closer together, and no longer completely regular. This kind of disorganization, which is complete in Fig. 9 , is probably not an orientation effect, but is most likely due to a structural breakdown of the cylinders. These observations do not indicate whether or not the arrays are attached to the cell envelope, but it seems unlikely that such defined periodic arrays could exist as free elements in the cytoplasm. Attachment to the organized molecular structure of one of the cell envelope membranes would seem more likely. Arrays were first observed in E. coli K-12 strain CR34-3; they were more frequent in clones of strain J53, but were less frequent in strain C2 (see references 2, 3, and 8, respectively, for data on the strains). They were also numerous in a clinical isolate of E. coli (St. John's General Hospital). The presence of a drug resistance plasmid had no effect on their numbers. They were not present within the limits of detection in Salmonella tvphimurium LT2, Shigella sonnei, or Pseudomonas aeruginosa, although their possible occurrence under different conditions cannot be ruled out. Table 1 perature; processing in a cold room had no effect on the frequency. The rate at which arrays were formed was studiedl at O)C (Fig. 11) 
